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Passive armor has been used as a defense through the centuries
ever since the Stone Age. It has finaliqy lost the race against
attack weapons with the invention of high-penetration rounds of the
kinetic energy and the shaped charge type. As these rounds have a
penetrating power of I0 and more inches of steel, a tank carrying
sufficient armor to stand up to them would no longer be acceTtable
by considerations of weight, maneure-rability and air-transport-
ability.

A pron±sing tank defense against high-penetration rounds con-
sists of equipment that intercepts and defeats the attacking round
by a high-velocity defending round. This is the principle of what
is now called Dynamic Armor.

Credit for the basic idea is due to Picatinny Arsenal. Tech-
nice.l responsibility for the over-all project rests with Detroit
Arsenal. Picatinny Arsenal takes care of the development of the
defending charges, addi the Diamond Ordnance Fuze Laboratories are
in charge of the sensing system.

DESCRIPTION OF DYNAMIC ARMOR

Thc Eystem-presently under investigation at DOFL is an optical
one. It employs infrar--.-optical sensing screens which detect the
approach of anti-tank rounds, and an eleztronic co=puter *hnich
meas-ires velocity, direction and height of attack, ccrputes the
firing time, and generates a firing pulse to detonate a linear

`7. 'the ------ t position and at the right
time to defe-.- the round.

The sensing, system, figunre 1, consists of three opti-cal screens
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body wd z increases consid ably as the altitude aof

or the present ation to take measurements
possibly a even greater ranges dependirg

ta t 300 mU . At the present time, an
is s5 qn an lectrical and mec-hanical system

better contrast an get and background. One method
is thtough the use of fil . U.S. AMy IWhite Sands Signal
Agency is now designing f vhich, when completed, will alloy
detection and tracking equi t to operate in daylight against
missilee of IM~ class at r a of.500 miles or more. later it is
anticipated tChiat ms be made utilizing several spee-
taromtere and other inst 'lin lead telluride detection
=:11s In order to learn e a 'the various flame characteristics
of many different types missil missile propellants and the
advantage obtained use of ne detection devices.
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1, 2, and 3, which originate at the tank "sil, b, where a suitable"
JO' number of defending linear shaped charges, 5, is also located. I.*

of the screens, 1 and 2, anz parallel, 'while the third, 3, makes an
angle with the other two. Each screen is made up of numerous,

parallel sensing elements, each of which is a composite of two

columns, an Illuminating beam and a detOcting eharrgel, ad.acent and
parallel to one another. Each pair of these colunns originates at
a sensing unit which conzlstb of two smafl parabolic reflectors, 6
and 7, that have a light bulb and a light detector respectively at
their focal points, figure 2. Near infrared filters over the light-
bulbs cut out all visible light. The detectors that are presently
used for the experimental work are FbS cells. Three rows of sensing
units making suitable angles with the. vertical and with suitable
spacing between one another w.ll be lined up along the periphery of
the tank.

MAM0 C' DYnAJC ARMm

An oncoming round, 8, f'i£ure 1, traverses at least one sensing
element in each of the V-ree optical screens at points 9, 10, and
11. It intercepts in each of them the light of the illuminating
beam and reflects a portion of it back to the detector at the base

of the detecting channeJ. In this manner, at least one detector in
each of the screens is tnlerted.

The positions in space of the traversed beams are known from
the design data. The transit times for the round to mve from a
sensing element in the first screen, 1, to those in the two follow-
ing screens o end 3, are measured by the computer system as time
differentials oe-tween electric pulses that are caused by alerting
the first and the two consecutive detectors. -From these time
differentials, from the design data, and from the known fragment
velocity of the defending charge, the computer will select a
defending charge, 12, which is in the right position, and generate
a firing pulse at the right time so that the defelding charge frag-.
ments and the round arrive at the sane point, 13, at the same time.

A computer is under construction tha. can be expected to
•ccomplish this for rounds which approach in directions up to 600
from the tank wall vertical at velocities from 200 to 5,000 ft/sec
and elevation= from about one-half to 5 ft.

RESULTS

Experiments have been made at DOFL with a simplif. ed arrange-
=ent, figure 5, that consisted cf ;ne vertical slice only of the
described system; that is, of 3nly three sensing beams, one out o:,
each of the three screens. This zet-up was used to record pulses
from 4" diam. simulated mis3iles .. iich were fired from an air gin
--ith velocities from 200 to C1COO ft/sec, and from 75 inert
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artillery rounds which were fired at tee DOFL Test Area with
velocities from 1400 to 2600 ft/sec.

Figure 4 shows a typical oscillograi, with the round coming in
from the right. The 2•.ower trace records the two pulses from the
passage of the round t:rough the first and the third optical screen;
in the middle trace is the pulse due to-_ the rounid going through the
second screen which is parallel to the fir-. The two pulses in
the upper trace are caused by the round making contacts in two
double aluninum foil screens which were placed in the trajectory
at a known spacing.

The time differential between the first pulse in the lower
trace and the one in the middle trace, and that betveen the two
pulses in the upper trace made possible two independent dctermi-
nations of the same velocity. Both checked witLin a few per cent
for all velocities used.

In addition to the velocity, one can also determine the
elevation of the trmjectory, that is, its distance from the apex
of two diverging screens, if one compares the time differential -vm

the two diverging screens with that from the parallel screens.
Determinations so made also checked with direct measurements of
that distance. From the velocity and distance obtained in this
way, the computer determines the firing time of the defending
charge.

That the spatial resolution ia sufficient to provide accurate
enough information to the ccmputer for the selection of the right
defending charge to be fired was proven with an expertimental set-up
of three slices; that is, of nine sensing beams.

OTHE CONSIDERATIONS

The Dynamic A-mor System must not respond to accompanying
personnel moving near-by, to variations in ground reflectivity,
moving clouds or overhanging tree branches. To this effect, high-
pass electrIcal filters that on- v transmit frequencies above about
200 c cles/second will be used.

In a tank tl-i•' equipped with Dynamic Armor, it -. ill n-t be
desirable to wastp .y defending charges on small-arms fire, Whiie
rounds above a certain caliber should be safely defeated. This
condition can be fulfilled (1) by arranging the sensing beams at
such a spacing that no large-caliber round can slip through
unnoticed, (2) by setting up an additional condition that at least
two adjacent sensing elements in each screen have to be alerted in
order to alert the computer, so that rsall arms bullets whic,. pass
only one sensing element ;ill not be noticed, and (3) by ler'".ing on
the tank some residual armor, only about 1-1/2 inch' thick, tYt
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will defeat sma i1-arms fire.

CONCLUSION

There reml ns in this project a g:-• uaber cf problems that
have yet to be solved. But, i. Dynamic Ar_... ,xn be c-ampleted
successf•lly, the Army will be provided wit-, ; tank Which may be
heavily armed, and a b: so ligh, in weight that it can be
transported by air.
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Figure 1. DiagrAam of dynamic armor sensing system.
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Figure 2. Sauting unit.
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Figure 3. One slice syste= moited over airguxi.
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Flgre 4. Typical Oscillogran.
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POTMflITJ.L 'NV1x"§ TO ME FAR SA!ZLITI'f PRWOj3

M MT r-MLTN'
AIWI7 BALL~ISTIC KISSILE Y

This Ppvpr r?~c. .aou how FA tlite project could be
izmpleomted aa.-=r 1 " 4-ro-th ui silo projects wviich ar
presently 4rrz;~ ~ .Ly Ballis, Missile Agency at ui-
rulle. Z~hi~s sxvetlit*;ojc;t, if1 be activated, would by
no aemn constitute1 %C.1sc~acaber' o h e eyisting Y1JQGhA) Satel.-
Lite Projev`'. -.t d3!o'.i - 4-S &. po~ s a.rt of the VhN~oU,;j
Projecot, M ".! CC r ro eal ThXMgJhf, hich would
give our co~mtry an Cý- _rsCO~i~e capability than the YAN:iU3-
Project =,y be &K: -t L"J ?kJxst cme or two satellites
WIJV4 pvrYtde W*v 11 ~ 1 .f thea * O~th 06

cov.ld carry pract. a. -, _rtz~t thih are ziow scheealed

M&edverzr of tbr. px~u stic Missile Agency at.Huts-
ville.1,LLo.~erly of tbe a De ~aelopmezxt D~ivision at Redstone
ArXsenal,, have t-een, esý the tical invrestigations of satellite
projects f~or many years. poe ty of building and launching
a. s=L1. satelite an p- 'Urth nt work assigned to that
group became a pax-ent S!4. In S er of that year, Dr. v'm
Brann wrote &. :Lx mhc tced out that a sial I sate).-
lite could be succc.,.:.f ly WIL siles and other components
,:hich existed at thatý bzee The pro based on the RMSNOI7E
:Ugh 3^,ui A ], e with slightlyT elcngatei

~isil O's -.- . ýý 9, had been s aside in April 1954.,
for spcA.ý -' --. zer -vtogen of so). ropellant rr kets,
in coobinP.. -,: -the RM317,S't booster, were caoable of
orbitin.ý, a payloaci several -'oands. nubr ~s:'.cies on >-er-
:oromances, orýbi Ats. .9izes, trac~ki~ng, instru.~entetion, and
supported the zro-_- ý.%sI
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